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DESCRIPTION 



ELECTROMAGNETIC NOISE SUPPRESSOR, STRUCTURE WITH 



ELECTROMAGNETIC NOISE SUPPRESSING FUNCTION, AND METHOD OF 



The present invention relates to an electromagnetic 
noise suppressor that suppresses electromagnetic noise, to a 
structure with an electromagnetic noise suppressing function, 
and to a method of manufacturing the same. 



In recent years, as the use of the Internet has 
increased, electronic apparatuses that use CPUs running at 
high clock frequencies in a sub-microwave band (0.3 to 10 
GHz) , electronic apparatuses that use high frequency bus, 
and telecommunication apparatuses that utilize radio waves 
have been increasing, such as personal computers, home 
appliances having information processing functions, wireless 
LAN, bluetooth-equipped apparatuses, optical module, mobile 
telephones, mobile information terminals and intelligent road 
traffic information system. This trend leads to a society of 
ubiquitous computing that requires devices of higher 
performance with high-speed digital information processing 
function and low-voltage driving. However, as such 



MANUFACTURING THE SAME 




TECHNICAL FIELD 



BACKGROUND ART 
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apparatuses become popular, concerns have been increasing on 
the problems related to the electromagnetic interference such 
as malfunctioning of an apparatus that emits electromagnetic 
radiation or other apparatuses and health threats to humans. 
5 For this reason, such an apparatus is required to minimize 
the emission of unnecessary electromagnetic radiation so as 
not to affect its own operation and that of other apparatuses 
and so as not to cause adverse effects on the human body, and 
to operate without malfunctioning when subjected to 

10 electromagnetic radiation emitted by other apparatuses . 

Measures to prevent such electromagnetic interference include 
the use of an electromagnetic radiation shielding material 
that reflects electromagnetic radiation and the use of an 
electromagnetic absorbing material. 

15 As a means for preventing electromagnetic interference 

between electronic apparatuses, electromagnetic radiation 
shielding material is provided on the surface of the housing 
of the electronic apparatus or between the electronic 
apparatuses so as to block electromagnetic radiation (inter- 

20 system EMC) . As a means for preventing electromagnetic 
interference within an electronic apparatus, electronic 
components and circuits are covered with electromagnetic 
radiation shielding material so as to prevent the electronic 
components and circuits from interfering with each other and 

25 resulting in malfunction, and suppressing the processing 
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speed from decreasing and signal waveform from being 
distorted (intra-system EMC) . Particularly in near-field 
environments such as within an electronic apparatus, it has 
been required to suppress the generation of electromagnetic 
5 noise by providing electromagnetic noise suppressing measures 
to electronic components that are the sources of the 
electromagnetic noise or to suppress the interference between 
signals thereby to improve the transmission characteristic 
(micro EMC) . 

10 Electronic apparatuses and electronic components are 

recently required to have higher performance and become 
smaller and lighter in weight, and the electromagnetic noise 
suppressor used in these apparatuses or components is also 
required to have high electromagnetic noise suppressing 

15 effects in a high-frequency band such as a sub-microwave band, 
be smaller and lighter in weight, and be easy to carry out by 
the work which takes measures with electromagnetic noise 
suppressing measures. 

As the electromagnetic radiation shielding material, 

20 for example, an electromagnetic noise suppressor including a 
mixture of two kinds of soft magnetic material powder having 
different mean particle sizes, namely soft magnetic material 
powder particles having morphological magnetic anisotropy, 
that are dispersed in an organic binding agent is disclosed 

25 in Japanese Patent Application, First Publication No. Hei 9- 
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35927. 

In the publication described above, the electromagnetic 
noise suppressor is disclosed to have anisotropic magnetic 
fields of different intensities so as to demonstrate a 
5 plurality of magnetic resonances and different values of the 
imaginary part of complex magnetic permeability that 
correspond to different frequencies are superposed, thus 
resulting in the distribution of the imaginary part of 
complex magnetic permeability over a wide range of 

10 frequencies. The imaginary part of complex magnetic 

permeability (p") is a magnetic loss term required for 
absorbing electromagnetic radiation, and it is said that high 
electromagnetic noise suppressing effect can be achieved as 
the imaginary part of complex magnetic permeability (p") is 

15 distributed over a wide range of frequencies. 

As another electromagnetic radiation shielding material, 
an electromagnetic radiation absorbing material having a 
composite structure of flake-shaped powder of iron nitride 
(Fei 6 N 2 ) and a resin is disclosed in Japanese Unexamined 

20 Patent Application, First Publication No. 2001-53487. 

In the publication described above, it is described 
that, when the magnetic material has a high value of 
saturation magnetization Is, value of fr(]j'-l) that 
represents the limit of magnetic permeability increases, thus 

25 limitation line shifts toward higher frequency, so that 
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higher magnetic permeability is achieved at high frequencies. 
As a result, it is claimed, that the use of iron nitride that 
has the highest saturation magnetization among various 
magnetic materials enables it to achieve higher magnetic 
5 permeability at higher frequencies with the resonance 

frequency fr reaching about 5. GHz. It is also described that 
the resonance frequency can be freely varied in a range from 
several hundreds of MHz to near 10 GHz by controlling the 
composition of the resin, heat treatment conditions, shape of 

10 the iron nitride particles and/or aspect ratio. An example 
of application is shown where ICs mounted on a wiring board 
are covered, together with the leads thereof, with an 
electromagnetic absorbing material in the state of a paste. 

As another electromagnetic radiation shielding material, 

15 a NiZn ferrite thin film is known that can be used to 

suppress electromagnetic interference (EMI) in the sub- 
microwave band (Masaki ABE et al., " Application of Thin 
Ferrite Film and Ultra-Fine Particles formed in Aqueous 
Solution to Microwave/Nano-Biotechnology", pp721-729, No. 6, 

20 Vol. 27, 2003; Journal of The Magnetics Society of Japan). 

This publication describes a NiZn ferrite thin film 
having the resonance frequency increased to 1.2 GHz. It is 
also described that the NiZn ferrite thin film is formed by 
plating on the surface of lead wires or semiconductor devices 

25 of a circuit by spin spraying process, and the NiZn ferrite 
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thin film absorbs noise current before electromagnetic noise 
is generated from the noise current. 

However, the electromagnetic interference suppressor 
(Japanese Unexamined Patent Application, First Publication No. 
5 Hei 9-35927) that is claimed to have imaginary part of 

complex magnetic permeability (p" ) distributed over a broad 
range of frequencies is made by simply increasing the 
imaginary part of complex magnetic permeability 
partially, as indicated by the p-f characteristic diagrams of 

10 Fig. 2 and Fig. 3 of this publication, and has magnetic 

resonance frequency lower than 2 GHz. Also the values of the 
imaginary part of complex magnetic permeability (p") shown in 
the p-f characteristic diagrams are only those for 
frequencies up to 2 GHz, thus it is impossible to prove 

15 sufficient electromagnetic noise suppressing effect over the 
entire sub-microwave band. 

With regards to the electromagnetic radiation absorbing 
material having composite structure of flake-shaped powder of 
iron nitride and a resin disclosed in Japanese Unexamined 

20 Patent Application, First Publication No. 2001-53487, it is 

described that flake-shaped powder of iron nitride (Fei 6 N 2 ) in 
quasi stable structure is made by thin film forming process 
such as vacuum vapor deposition, sputtering, CVD, MBE or the 
like, although details are not known since no examples are 

25 described. However, it is difficult to stabilize the crystal 
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structure of iron nitride (Fei 6 N 2 ) , and iron nitride of stable 
structure is also included. Thus it is difficult to make 
flake-shaped powder of iron nitride (Fei6N2) that has 
sufficiently high saturation magnetization. It is also very 
5 difficult and impractical to make flake-shaped or disk-shaped 
fine powder of iron nitride (Fei 6 N 2 ) by using a mask. It is 
described that the resonance frequency can be varied up to 
near 10 GHz by controlling the composition of the resin, heat 
treatment conditions, shape of the Fei 6 N 2 particles and/or 
10 aspect ratio. However, examples are given only for those 
having resonance frequencies up to about 5 GHz (Fig. 5 of 
Japanese Unexamined Patent Application, First Publication No. 
2001-53487), and there remain problems in practical 
application. 

15 Although resonance frequency of the NiZn ferrite thin 

film proposed by ABE et al. is made higher, it is below 2 GHz 
and is not sufficient for an electromagnetic noise suppressor 
used in sub-microwave band. Also, this publication gives the 
values of the imaginary part of complex magnetic permeability 

20 (ji") only for frequencies up to 3 GHz in the complex magnetic 
permeability spectrum (Fig. 4), while the spectrum is about 
to decrease at 3 GHz, indicating that the resonance frequency 
cannot increase further. The publication also shows the 
manufacture of a NiZn ferrite thin film by directly plating 

25 onto copper wires and semiconductor devices of a circuit, as 
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an example of application. Since the plating solution 
contains cations of Na, etc. and anions such as chlorine and 
nitrous acid, it requires careful cleaning when used for 
semiconductor devices, resulting in increased number of 
5 operation processes. 

When soft magnetic material powder or flake-shaped 
powder of iron nitride is used, it must be used in a large 
amount in order to achieve sufficient electromagnetic 
interference suppressing effect and electromagnetic radiation 

10 absorbing effect, the amount being usually about 90% by 

weight of the electromagnetic interference suppressor and 
electromagnetic radiation absorbing material. When soft 
magnetic material powder or flake-shaped powder of iron 
nitride is used, it is also necessary to increase the 

15 thickness of the electromagnetic interference suppressor or 
the electromagnetic radiation absorbing material in order to 
achieve sufficient electromagnetic interference suppressing 
effect and electromagnetic radiation absorbing effect. Thus, 
there has been a problem in that the electromagnetic 

20 interference suppressor or the electromagnetic radiation 

absorbing material has high specific gravity and is thick, 
and is therefore heavy. 

There has also been a problem in that the 
electromagnetic interference suppressor or the 

25 electromagnetic radiation absorbing material is thick and 
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makes it difficult to reduce the space requirement. 

The electromagnetic interference suppressor or the 
electromagnetic radiation absorbing material also lacks 
flexibility and is brittle, since it is constituted mostly 
5 from the soft magnetic material powder or the flake-shaped 

powder of iron nitride, with a small content of binding agent. 

With the background described above, an object of the 
present invention is to provide an electromagnetic noise 
suppressor that has sufficient electromagnetic noise 
10 suppressing effect over the entire sub-microwave band, a 
structure such as printed wiring board or semiconductor 
integrated circuit that is provided with electromagnetic 
noise suppressing means and a method for easily manufacturing 
the same . 

15 Another object of the present invention is to provide 

an electromagnetic noise suppressor that requires smaller 
installation space and is lighter in weight, flexible, and 
has high strength. 

20 DISCLOSURE OF INVENTION 

The present inventors considered that the way to 
achieve high electromagnetic noise suppressing effect in the 
sub-microwave band is to transform noise current into thermal 
energy by means of the magnetic loss characteristic of a 

25 magnetic material, which means that the material has 
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sufficiently high value of the imaginary part of complex 
magnetic permeability (namely loss term) in this 

frequency band. After studying the integration of the 
binding agent and the magnetic material dispersed in the 
5 former in the atomic state so as to make use of the effect of 
magnetic anisotropy such as morphological anisotropy, the 
inventors developed an electromagnetic noise suppressor of 
high magnetic resonance frequency that can be used in the 
sub-microwave band . 

10 The electromagnetic noise suppressor of the present 

invention is characterized in that the magnetic resonance 
frequency is 8 GHz or higher, and the imaginary part of 
complex magnetic permeability (ia" H ) at 8 GHz is higher than 
the imaginary part of complex magnetic permeability (ii" L ) at 

15 5 GHz. Such an electromagnetic noise suppressor can 

demonstrate sufficient electromagnetic noise suppressing 
effect over the entire sub-microwave band. 

The electromagnetic noise suppressor of the present 
invention preferably has a composite layer formed by 

20 integrating the binding agent and the magnetic material. 

Such an electromagnetic noise suppressor can have magnetic 
resonance frequency of 8 GHz or higher, and make the 
imaginary part of complex magnetic permeability vi" H at 8 GHz 
higher than the imaginary part of complex magnetic 

25 permeability y" L at 5 GHz, and enables it to reduce the space 
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requirement and weight. In the case in which the composite 
layer is a layer formed by physically vapor-depositing the 
magnetic material onto the binding agent, the composite layer 
has such a constitution as the magnetic material is dispersed 
5 in the binding agent so that the magnetic material and the 

binding agent are integrated with each other so as to provide 
high electromagnetic noise suppressing effect. The composite 
layer does not contain impurity ions so that there is no 
possibility of damage to the electronic circuit by the 

10 impurity ions. 

In the case in which the binding agent is a resin or 
rubber, the electromagnetic noise suppressor can be made 
flexible and have high strength. 

If the binding agent is a hardening resin, the magnetic 

15 material can be dispersed more uniformly in the binding agent 
that has not yet cured. After the binding agent has cured, 
the magnetic material does not crystallize into fine 
particles, and such a composite layer can be obtained as the 
binding agent and the magnetic material are integrated at the 

20 atomic level. 

A method of manufacturing an electromagnetic noise 
suppressor of the present invention includes a vapor 
deposition process of physically vapor-depositing a magnetic 
material onto a binding agent to form a composite layer on 

25 the surface of the binding agent. Such a manufacturing 
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method enables it to easily manufacture the electromagnetic 
noise suppressor of the present invention that has the 
composite layer constituted from the binding agent and the 
magnetic material integrated together. 
5 A structure with an electromagnetic noise suppressing 

function of the present invention is a structure with at 
least a part of the surface thereof covered by the 
electromagnetic noise suppressor of the present invention. 
The structure with an electromagnetic noise suppressing 
10 function enables it to dispose the electromagnetic noise 
suppressor in a small space near a noise source and 
efficiently suppress electromagnetic noise in a sub-microwave 
band. 

A method of manufacturing a structure with an 
15 electromagnetic noise suppressing function of the present 
invention includes a coating process of coating at least a 
part of the surface of the structure with a binding agent, 
and a vapor deposition process of physically vapor-depositing 
a magnetic material onto the binding agent to form a 
20 composite layer on the surface of the binding agent. Such a 
manufacturing method enables it to easily manufacture the 
structure with an electromagnetic noise suppressing function 
that can efficiently suppress electromagnetic noise in a sub- 
microwave band. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows an image of a composite layer of an 
electromagnetic noise suppressor of the present invention 
observed with a high-resolution transmission electron 
5 microscope. 

FIG. 2 is a schematic diagram showing the vicinity of 
the composite layer in an example. 

FIG. 3 is a perspective view of a camera module that is 
an example of structure with an electromagnetic noise 
10 suppressing function of the present invention. 

FIG. 4 is a sectional view of a camera module that is 
an example of structure with an electromagnetic noise 
suppressing function of the present invention. 

FIG. 5 is a sectional view of a printed wiring board 
15 having electronic components mounted thereon that is an 
example of the structure with an electromagnetic noise 
suppressing function of the present invention. 

FIG. 6 is a graph showing the complex magnetic 
permeability versus frequency in electromagnetic noise 
20 suppressor of Example 1. 

FIG. 7 is a graph showing the complex magnetic 
permeability versus frequency in electromagnetic noise 
suppressor of Example 2 . 
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The present invention will now be described in detail. 
<Electromagnetic noise suppressor> 

The electromagnetic noise suppressor of the present 
invention has magnetic resonance frequency of 8 GHz or higher, 
5 and the imaginary part of complex magnetic permeability (u" H ) 
at 8 GHz being higher than the imaginary part of complex 
magnetic permeability (u" L ) at 5 GHz. 

Complex magnetic permeability is expressed as p = 
p'-j \i" . ]i f is the real part of the complex magnetic 
10 permeability and \i" is the imaginary part of the complex 
magnetic permeability, that represents the magnetic loss 
related to the absorption of electromagnetic radiation. 

The magnetic resonance frequency is a frequency at 
which the value of the real part \i' of the complex magnetic 
15 permeability becomes one-half of the peak value, and the 

frequency is higher than the peak frequency. The magnetic 
resonance frequency is regarded as the upper limit of 
frequencies at which noise current can be transformed into 
thermal energy by means of the magnetic loss characteristic 
20 of the magnetic material. 

In order for the electromagnetic noise suppressor of 
the present invention to fully demonstrate the 
electromagnetic noise suppressing effect over the sub- 
microwave band, it is necessary that the magnetic resonance 
25 frequency be 8 GHz or higher, and that the imaginary part }i" H 
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of complex magnetic permeability at 8 GHz be higher than the 
imaginary part of complex magnetic permeability at 5 GHz, 

that is, the imaginary part p" of complex magnetic 
permeability increases monotonically with the frequency. The 
5 magnetic resonance frequency of the electromagnetic noise 
suppressor of the present invention is preferably 10 GHz or 
higher . 

The magnetic resonance frequency of the electromagnetic 
noise suppressor of the present invention having a magnetic 

10 resonance frequency of 8 GHz or higher, and the imaginary 
part |i" H of complex magnetic permeability at 8 GHz being 
higher than the imaginary part ia" L of complex magnetic 
permeability at 5 GHz can be made by forming the composite 
layer consisting of the magnetic material and part of the 

15 binding agent being integrated with each other at the 
nanometer scale. 

The composite layer is a layer formed by physical vapor 
deposition of the magnetic material on the binding agent, 
where the magnetic material applied by physical vapor 

20 deposition is dispersed in the binding agent and integrated 
therewith in the atomic state, without forming a homogeneous 
film. 

More specifically, as shown in the high-resolution 
transmission electron microscope image of Fig. 1 and the 
25 sketch of Fig. 2 which simplifies the electron microscope 
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image, the electromagnetic noise suppressor 1 is constituted 
only from the composite layer 3 consisting of atoms of the 
magnetic material mixed with molecules of the binding agent 2, 
and a layer consisting only of the binding agent 2. 
5 The composite layer 3 consists of a portion where 

crystal lattice 4 is observed to be made up of atoms of the 
magnetic material disposed at spacing of several angstroms 
forming a very small crystal, a portion where only the 
binding agent 2 is observed without presence of the magnetic 

10 material in a very small region, and a portion where atoms of 
the magnetic material 5 are observed to be dispersed in the 
binding agent without crystallizing. In other words, the 
magnetic material does not form fine particles having 
crystalline structure with clear grain boundary, but forms a 

15 complicated heterogeneous structure (a structure that is not 
homogeneous nor uniform) where the binding agent and the 
magnetic material are integrated at the nanometer scale. 

The thickness of the composite layer is the depth of 
infiltration of the atoms of the magnetic material into the 

20 surface layer of the binding agent, that is dependent on such 
factors as the weight of the magnetic material deposited, 
kind of the binding agent and the conditions of physical 
vapor deposition, and is roughly in a range from 1.5 to 3 
times the thickness of the magnetic material layer formed by 

25 the vapor deposition. When the thickness of the magnetic 
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material layer is set to be not less than 0.005 \im, atoms of 
the magnetic material and the binding agent can be integrated 
in a dispersed state, giving rise to a high loss 
characteristic in high frequency region due to the 
5 morphological anisotropy, thus achieving sufficient 

electromagnetic noise suppressing effect. When the thickness 
of the composite layer exceeds 3 on the other hand, a 

clear crystalline structure and then a homogeneous film of 
the magnetic material is formed to form a bulk magnetic 

10 material. This leads to a decrease in morphological 

anisotropy and less electromagnetic noise suppressing effect. 
Therefore, thickness of the composite layer is preferably 1 
jjm or less, more preferably 0.3 jam or less. 

Examples of the binding agent include, but are not 

15 limited to, organic materials, for example, resins such as 
polyolefine resin, polyamide resin, polyester resin, 
polyether resin, polyketone resin, polyimide resin, 
polyurethane resin, polysiloxane resin, phenol resin, epoxy 
resin, acrylic resin and polyacrylate resin; diene rubbers 

20 such as natural rubber, isoprene rubber, butadiene rubber and 
styrene butadiene rubber; non-diene rubbers such as butyl 
rubber, ethylene propylene rubber, urethane rubber and 
silicone rubber. The binding agent may also be of 
thermoplastic or thermosetting nature, or a material that has 

25 not yet been cured. The resin or rubber described above that 
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is modified, mixed or copolymerized may also be used. 

The binding agent may also be an inorganic material 
that has a low elastic modulus in shear that will be 
described later, such as an aero gel or foamed silica that 
5 has high void ratio and such a level of hardness that can 
capture ultra-fine particles. It may also be used in the 
form of a composite material with the organic material 
described above. 

The binding agent preferably has a low elastic modulus 

10 in shear in view of the ease of atoms of the magnetic 

material to infiltrate into the binding agent during the 
physical vapor deposition of the magnetic material. The 
elastic modulus in shear is preferably 5 * 10 7 Pa or less. A 
desirable value of elastic modulus in shear may be obtained 

15 by heating the binding agent to a temperature of 100 to 300 °C, 
although the temperature must be controlled so as not to 
decompose or vaporize the material. When physical vapor 
deposition is carried out at the normal temperature, the 
binding agent is preferably an elastic material having 

20 hardness of about 80° (JIS-A) . 

It is preferable that the binding agent have high 
elastic modulus in shear after being subjected to physical 
vapor deposition of the magnetic material, in order to 
maintain the heterogeneous structure described previously. 

25 By processing the binding agent to have a high elastic 
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modulus in shear after physical vapor deposition of the 
magnetic material, it is made possible to surely prevent the 
atoms of the magnetic material or clusters thereof from 
aggregating and crystallizing into fine particles on the 
5 nanometer scale. Specifically, the elastic modulus in shear 
is preferably in a range from 1 * 10 7 Pa or higher in a 
temperature range in which the electromagnetic noise 
suppressor is used. It is preferable to crosslink the 
binding agent after' physical vapor deposition of the magnetic 

10 material, in order to obtain the desired value of elastic 
modulus in shear. 

In this regard, the binding agent is preferably a 
thermosetting resin or a resin that is cured when exposed to 
an energy beam (ultraviolet light, electron beam) which 

15 allows it that the elastic modulus to be low during vapor 
deposition and can be increased by crosslinking after the 
vapor deposition. 

The binding agent may also include silane coupling 
agent, titanate coupling agent, nonionic surfactant, polar 

20 resin oligomer or the like, so that part of the magnetic 

material that has been turned into plasma or been ionized can 
react with the binding agent and be stabilized. Adding such 
an additive enables it to not only prevent oxidization but 
also prevent a homogeneous film from being formed by the 

25 aggregation of atoms so as to prevent the reflection of 
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electromagnetic radiation by the homogeneous film, thereby 
improving the absorbing property. 

In addition to the above, the binding agent may also 
contain reinforcement fillers, flame retarding agents, anti- 
5 aging agents, anti-oxidizing agents, colorants, thixotropy 
enhancing agents, plasticizers, lubricants and heat 
resistance enhancing agents. Care should be exercised, 
however, since adding a hard material leads to collision with 
the atoms of the magnetic material, thus resulting in 
10 insufficient dispersion. Weatherability may also be improved 
by coating with silicon oxide or silicon nitride by vapor 
deposition, after the vapor deposition of the magnetic 
material. 

The electromagnetic noise suppressor of the present 
15 invention may have either a planar configuration such as 

sheet or a three-dimensional structure. The shape may also 
be adapted to the shape of a structure to be made as the 
product, when it is used to cover the surface of the 
structure as will be described later. 
20 <Method of manufacturing the electromagnetic noise 
suppressor> 

The method of manufacturing the electromagnetic noise 
suppressor will now be described. 

The electromagnetic noise suppressor of the present 
25 invention can be made by forming the composite layer on the 
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surface of the binding agent by physical vapor deposition of 
the magnetic material onto the binding agent. 

In the physical vapor deposition (PVD) , a material is 
vaporized in a vacuum vessel and is deposited on a substrate 
5 that is placed in the vicinity of the material being 
vaporized, so as to form a thin film. The process is 
classified by the method of evaporation into vaporization 
process and sputtering process. Vaporization processes 
include EB vapor deposition and ion plating, and sputtering 
10 processes include high frequency sputtering, magnetron 

sputtering and opposing target type magnetron sputtering 
process . 

In the EB vapor deposition, since the vapor particle 
has small energy of 1 eV, less damage is caused on the 

15 substrate and the film tends to become porous and have 

insufficient strength, while the specific resistivity of the 
film increases. 

In the ion plating process, since ions of argon gas and 
vaporized particles are accelerated and collide with the 

20 substrate, particle energy is about 1 KeV, higher than in the 
case of EB. Therefore a film having high adhesive force can 
be obtained, although it cannot be avoided that particles 
having sizes on the micrometer scale, called droplets, 
deposit on the surface and cause interruptions of discharge. 

25 An oxide film may be formed by introducing a reactive gas 
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such as oxygen. 

In the magnetron sputtering process, although the 
target (material to be vaporized) is utilized with less 
efficiency, growth rate is higher since strong plasma is 
5 generated by the effect of magnetic field and a high energy 
of several tens of electron volts (eV) is given to the 
particle. In the high frequency sputtering process, an 
insulating target may be used. 

Among the magnetron sputtering processes, the opposing 

10 target type magnetron sputtering process is a process where 
plasma is generated between opposing targets and is confined 
by the magnetic field, while the substrate is placed outside 
of the opposing targets so as to form a desired thin film 
without causing damage from the plasma. Therefore, a film of 

15 the same composition as that of the target that is made of a 
dense material can be formed without need to sputter the thin 
film of the substrate again and mitigating the collision of 
the sputtered atoms with further higher growth rate. 

In the case in which the binding agent is a resin (or 

20 rubber) , covalent bonding energy of the resin is about 4 eV. 
Bonding energies of C-C, C-H, Si-0 and Si-C, for example, are 
3.6 eV, 4.3 eV, 4 . 6 eV and 3.3 eV, respectively. In the ion 
plating, magnetron sputtering, or opposing target type 
magnetron sputtering process, in contrast, the vaporized 

25 particles have high energies and therefore may collide with 
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the binding agent and break part of the chemical bonding of 
the resin. 

Therefore, it is supposed that, when the binding agent 
made of resin (or rubber) has a sufficiently low elastic 
5 modulus in the present invention, molecules of the resin 

vibrate and are sometimes broken when the magnetic material 
is deposited, resulting in localized mixing of the atoms of 
the magnetic material and the resin and, with the atoms of 
the magnetic material infiltrating into the resin to a depth 

10 of up to 3 pm from the surface, cause interaction with the 
resin, so that the composite layer having heterogeneous 
structure of nanometer scale is formed. 

It is preferable to deposit the magnetic material with 
a particle energy of 5 eV or higher to the binding agent by 

15 physical vapor deposition, since it enables it to disperse a 
large amount of the magnetic material in the binding agent at 
the same time. Since a large amount of the magnetic material 
can be processed in a single deposition run, the 
electromagnetic noise suppressor having high electromagnetic 

20 noise suppressing effect can be easily made. Since velocity 
of the binding agent in vibration thereof is lower than the 
velocity of the particle, rate of vapor deposition is 
preferably set to be low in accordance to the timing of 
relaxation of the binding agent, about 60 nm/min or less 

25 depending on the kind of magnetic material. 
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As the magnetic material to be vaporized in the vapor 
deposition process, a metal-based soft magnetic material, an 
oxide-based soft magnetic material and/or a nitride-based 
soft magnetic material is mainly used. Any one of these 
5 materials or a mixture of two or more of these materials may 
be used. 

As the metal-based soft magnetic material, iron or an 
iron alloy is commonly employed. As the iron alloy, Fe-Ni, 
Fe-Co, Fe-Cr, Fe-Si, Fe-Al, Fe-Cr-Si, Fe-Cr-Al, Fe-Al-Si or 

10 Fe-Pt alloy may be used. Any one of these materials or a 
mixture of two or more of these materials may be used. 
Either one of these metal-based soft magnetic materials or a 
mixture of two or more of these materials may be used. 
Besides iron and iron alloy, cobalt, nickel or an alloy 

15 thereof may also be used. Nickel has resistance against 
oxidation and is therefore preferably used independently. 

As the oxide-based soft magnetic material, ferrite is 
preferably used. Specifically, MnFe 2 0 4 , CoFe 2 0 4 , NiFe 2 0 4 , 
CuFe 2 0 4 , ZnFe 2 0 4 , MgFe 2 0 4 , Fe 3 0 4 , Cu-Zn-f errite, Ni-Zn-f errite, 

20 Mn-Zn-f errite, Ba 2 Co 2 Fei 2 0 22 , Ba 2 Ni 2 Fei 2 0 22 , Ba 2 Zn 2 Fei 2 0 22 , 

Ba 2 Mn 2 Fe i2 0 22 , Ba 2 Mg 2 Fei 2 0 22 , Ba 2 Cu 2 Fei 2 0 22 or Ba 3 Co 2 Fe 24 0 4 i, may be 
used. These variations of ferrite may be used either 
independently or in a combination of two more kinds thereof. 
As nitride-based soft magnetic material, Fe 2 N, Fe 3 N, 

25 Fe 4 N, Fei6N 2 , etc., are known. These nitride-based soft 
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magnetic materials have high magnetic permeability and high 
corrosion resistance, and are therefore preferably used. 

During the physical vapor deposition of the magnetic 
material onto the binding agent, since atoms of the magnetic 
5 material infiltrate into the binding agent in the form of 
plasma or ions, the composition of the magnetic material 
dispersed in the binding agent is not necessarily the same as 
that of the magnetic material before being vaporized. The 
magnetic material may have reacted with part of the binding 

10 agent and changed into paramagnetic material or 
antif erromagnetic material. 

The amount of the magnetic material deposited on the 
binding agent in a single deposition run is preferably 200 nm 
or less in terms of thickness of the magnetic material layer. 

15 When deposited to a larger thickness, limitation of the 
capacity of the binding agent to include the magnetic 
material is reached such that the magnetic material cannot be 
dispersed in the binding agent any more and is instead 
deposited on the surface, thereby forming a continuous bulk 

20 film that has uniform conductivity. Therefore, the amount of 
the magnetic material to be deposited is preferably 100 nm or 
less, and more preferably 50 nm or less. In view of the 
electromagnetic noise suppressing effect, the amount of the 
magnetic material to be deposited is preferably 0.5 nm or 

25 less. 
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Since less amount of deposition leads to lower 
electromagnetic noise suppressing effect, the total amount of 
the magnetic material can be increased by stacking a 
plurality of composite layers. The total amount of 
5 deposition is preferably in a range from 10 to 500 nm in 

terms of total thickness of the magnetic material, while it 
depends on the required level of electromagnetic noise 
suppression. Part of the layers to be stacked may also be 
formed as. bulk metal layers that have continuity, so as to 

10 have reflectivity to electromagnetic radiation. The layers 

may also be formed in composite structure with the dielectric 
material layer so as to control the electromagnetic noise 
suppressing effect . 

While there is no restriction on the thickness of the 

15 binding agent used in the vapor deposition process, it is 
preferably as small as possible in order to make a compact 
electromagnetic noise suppressor. Specifically, the 
thickness is preferably 50 yim or less and more preferably 10 
Vim or less. 

20 <Structure with electromagnetic noise suppressing function> 
The structure with an electromagnetic noise suppressing 
function of the present invention is a structure with at 
least a part of the surface thereof covered by the 
electromagnetic noise suppressor of the present invention. 

25 The structure may be, for example, a printed wiring 
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board having electronic components mounted thereon, a 
semiconductor integrated circuit or the like. 

Now specific examples of the structure with an 
electromagnetic noise suppressing function of the present 
5 invention will be described below. 
(Camera module) 

Fig. 3 and Fig. 4 show. a camera module as an example of 
the structure with an electromagnetic noise suppressing 
function. The camera module includes a printed wiring board 

10 12 that has an image sensor 11 mounted on the surface thereof, 
a lens 13 that corresponds to the image sensor 11, a camera 
holder 14 that holds the lens 13 and encloses the image 
sensor 11 on the printed wiring board 12, an outer case 15 
that fits on the outside of the camera holder 14, and the 

15 electromagnetic noise suppressor 1 that covers the surface of 
the outer case 15. 

Covering of the outer case 15 with the electromagnetic 
noise suppressor 1 is carried out, for example, as follows. 
The outer case 15 that is a structure formed from a resin by 

20 injection molding is dipped in epoxy resin solution that is a 
binding agent so as to cover the surface with epoxy resin of 
B stage having a thickness of 15 pm. Then a composite layer 
is formed on the epoxy resin by physical vapor deposition to 
equivalent thickness of 45 nm. The outer case 15 that is 

25 provided with the electromagnetic noise suppressing function 
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is fitted onto the camera holder 14, thereby shielding the 
camera module from noise. 
(Printed wiring board) 

Fig. 5 shows a printed wiring board as another example 
5 of the structure with an electromagnetic noise suppressing 
function. The printed wiring board includes a circuit 22 
formed on a substrate 21, a semiconductor package 23 and a 
chip component 24 that are connected to the circuit 22, and 
the electromagnetic noise suppressor 1 that covers the 

10 surface of the printed wiring board together with the circuit 
22, the semiconductor package 23 and the chip component 24. 

Covering of the printed wiring board with the 
electromagnetic noise suppressor 1 is carried out, for 
example, as follows. 

15 An insulating binding agent is applied to the printed 

wiring board to a thickness of about 50 pm so as to cover the 
circuit 22, the semiconductor package 23 and the chip 
component 24. The magnetic material is deposited onto the 
binding agent by physical vapor deposition so as to form the 

20 composite layer. This process is not a wet process and does 
not require washing operation to remove ions, and is capable 
of easily rendering the electromagnetic noise suppressing 
function . 

(Semiconductor integrated circuit) 
25 To give electromagnetic noise suppressing function to a 
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semiconductor integrated circuit, the magnetic material is 
deposited to a thickness of about 10 to 50 nm by physical 
vapor deposition to form a composite layer on an organic 
insulating film having a thickness from 200 nm to 100 pm that 
5 is formed from polyimide, polyparaxylene, 

poly t et ra f luoroe thy lene, polyaryl ether, polyxylylene, 
polyadamantane ether, polybenzo oxazole or benzocyclobutene 
resin that has been formed on a semiconductor wafer by spin 
coating process or CVD (chemical vapor deposition) . The 

10 composite layer may also be formed partially by using a mask 
as required. Since this is a dry process, there is no 
influence of ionic impurity and there is no need for cleaning, 
and the process is preferable for the application to 
semiconductor wafers. When the electromagnetic noise 

15 suppressor having heterogeneous structure of nanometer scale 
is provided in the vicinity of microscopic semiconductor 
circuit, it is made possible to suppress the resonance of a 
digital circuit during pulse transmission and suppress 
radiation noise from being generated by impedance mismatch, 

20 thereby to improving the transmission characteristics such as 
transmission speed, even with a small amount of magnetic 
material . 

The electromagnetic noise suppressor of the present 
invention described above has a high resonance frequency of 8 
25 GHz or higher, supposedly because the composite layer is 
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formed where the magnetic material and the binding agent are 
integrated by physical vapor deposition so that even a small 
amount of the magnetic material can achieve the quantum 
effect originating from the heterogeneous structure of 
5 nanometer scale, magnetic anisotropy of the material, 
morphological magnetic anisotropy or anisotropy due to 
external magnetic field, although theoretical explanation has 
not been presented. It is considered that such a feature 
enables achievement of satisfactory magnetic characteristics 
10 and electromagnetic noise suppressing effects over the entire 
sub-microwave band with even a small amount of the magnetic 
material . 

Since the electromagnetic noise suppressor of the 
present invention can achieve the electromagnetic noise 
15 suppressing effect even with a small amount of the magnetic 
material, the amount of the magnetic material can be reduced 
significantly, resulting in weight reduction. 

Also, since the electromagnetic noise suppressor of the 
present invention can achieve sufficient electromagnetic 
20 noise suppressing effect even with the composite layer having 
a thickness as small as 0.3 pm or less, the electromagnetic 
noise suppressor can be formed with a small thickness, so as 
to decrease the space requirement. 

In the case in which the composite layer is formed by 
25 physical vapor deposition of the magnetic material onto the 
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binding agent, the magnetic material is dispersed in the 
state of atoms into the binding agent so that the magnetic 
material and the binding agent are integrated to form the 
composite layer having high electromagnetic noise suppressing 
5 effect with a small amount of the magnetic material. The 

composite layer does not include impurity ions so that there 
is no possibility of damage to the electronic circuit by the 
impurity ions. 

Since the amount of the magnetic material can be 

10 reduced significantly, decrease in flexibility and in 

strength of the resin or rubber due to the magnetic material 
can be minimized in the case in which the binding agent is 
resin or rubber. 

Moreover, if the binding agent is a curable resin, the 

15 magnetic material is distributed uniformly in the binding 
agent prior to curing and, after being cured, the magnetic 
material can be suppressed from crystallizing into fine 
particles even when the electromagnetic noise suppressor is 
used at a high temperature, thus improving the weatherability . 

20 The structure with an electromagnetic noise suppressing 

function of the present invention (for example, printed 
wiring board or semiconductor integrated circuit) enables it . 
to dispose the noise suppressor with small space requirement 
in the vicinity of the noise source and efficiently suppress 

25 electromagnetic noise in the sub-microwave band. 
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EXAMPLES 

Examples of the present invention will now be described. 
(Evaluation) 

5 The measurement of magnetic permeability: Ultra-high 

frequency magnetic permeability measuring instrument PMM-9G1 
manufactured by Ryowa Electronics Co., Ltd., was used. 
Observation of cross section: Cross section was observed with 
a transmission electron microscope H9000NAR manufactured by 

10 Hitachi, Ltd. 

Electromagnetic radiation absorbing characteristic : 
Transmission noise suppressing effect was evaluated by S 
parameter method using test fixture TF-3A, TF-18A for micro 
strip line having impedance of 50 Q manufactured by KEYCOM 

15 Corporation. 

Coupling coefficient in near field was evaluated using 
micro loop antenna type fixture manufactured by KEYCOM 
Corporation. Vector network analyzer 37247C manufactured by 
Anritsu Company was used. 

20 [Example 1] 

A silicone rubber that had been vulcanized having a 
thickness of 15 \im (elastic modulus in shear of 1 * 10 7 Pa at 
normal temperature containing wet silica) was provided as the 
binding agent on a polyethylene phthalate film used as the 

25 support layer having a thickness of 12 \im (elastic modulus in 
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shear of 3.8 * 10 9 Pa at the normal temperature), and thereon 
a composite layer was formed by sputtering Fe-Ni-based soft 
magnetic metal to an equivalent thickness of 20 nm by 
physical vapor deposition of the opposing target type 
5 magnetron sputtering process, thereby to obtain the 

electromagnetic noise suppressor. Sputtering was carried out 
by applying a low negative voltage so as to impart energy of 
8 eV to the vaporized particles while maintaining the 
substrate at the normal temperature. 

10 Then a thin portion was sliced by means of a microtome 

from the electromagnetic noise suppressor thus obtained and, 
after polishing the cut surface by ion beam, cross section of 
the composite layer was observed with a high-resolution 
transmission electron microscope. The thickness of the 

15 composite layer was about 45 nm. The cross section thus 

observed is shown in Fig. 1. Magnetic permeability was 

) 

measured with a magnetic permeability measuring instrument. 
As shown in Fig. 6, relative intensity of ii" L was 250 and 
relative intensity of ia" H was about seven times the value 

20 described above. The magnetic resonance frequency (the 

frequency at which the value of \i' becomes one-half of the 
peak value, and which is higher than the peak frequency) 
exceeded 9 GHz, the measurement limit of the instrument. The 
measurement of the electromagnetic radiation absorbing 

25 characteristics showed that reflection attenuation was -9.5 
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dB and transmission attenuation was -5.5 dB at 1 GHz , while 
reflection attenuation was -14 dB and transmission 
attenuation was -20 dB at 10 GHz. 
[Example 2] 

5 An epoxy resin of B stage having a thickness of 25 pm 

(elastic modulus in shear of 8 * 10 6 Pa before curing and 
elastic modulus in shear of 2 * 10 9 after curing) was 
provided as the binding agent on a polyethylene terephthalate 
film that had been subjected to mold-release treatment and 

10 used as the support layer having a thickness of 12 \im, and 
thereon a composite layer was formed by depositing Fe-Ni- 
based soft magnetic metal to an equivalent thickness of 10 nm 
by physical vapor deposition of the opposing target type 
magnetron sputtering process. Sputtering was carried out by 

15 applying a low negative voltage so as to impart energy of 8 

eV to the vaporized particles while maintaining the substrate 
at the normal temperature. The epoxy sheet was removed from 
the polyethylene phthalate film and was cut into halves, and 
the epoxy sheet were placed on the other so that the 

20 composite layers were stacked alternately. The stack was 
heated to 40°C for 6 hours then 120°C for 2 hours so as to 
harden the epoxy resin, thereby to obtain the electromagnetic 
noise suppressor. As shown in Fig. 7, relative intensity of 
\x'\ was 200 and relative intensity of ]i" H was about five 

25 times the value described above. The magnetic resonance 
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frequency (the frequency at which the value of jj' becomes 
one-half of the peak value, and which is higher than the peak 
frequency) exceeded 9 GHz, the measurement limit of the 
instrument. The measurement of the electromagnetic radiation 
5 absorbing characteristics showed that internal coupling 

coefficient was -8 dB and mutual coupling coefficient was -7 
dB at 3 GHz. 
[Example 3] 

Metal Ni was deposited to a thickness of 30 nm on one 

10 side of a polyimide film used as the support layer having a 
thickness of 12 \im, and provided on the other side was 
vulcanized electrically conductive silicone rubber having a 
thickness of 7 \im (elastic modulus in shear of 2 x 10 7 Pa at 
the normal temperature with 15% by weight of carbon black 

15 included) as the binding agent. Then composite layers were 
formed on the top and bottom surfaces by depositing a Fe-Ni- 
based soft magnetic metal to equivalent thickness of 20 nm by 
physical vapor deposition of opposing target type magnetron 
sputtering process, thereby to obtain an electromagnetic 

20 noise suppressor. Sputtering was carried out by applying a 
low negative voltage so as to impart energy of 8 eV to the 
vaporized particles while maintaining the substrate at the 
normal temperature. Relative intensity of |i" L of the 
imaginary part of the complex magnetic permeability was 180 

25 and relative intensity of ia" H was about six times the value 
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described above. The magnetic resonance frequency (the 
frequency at which the value of ]i f becomes one-half of the 
peak value, and which is higher than the peak frequency) 
exceeded 9 GHz, the measurement limit of the instrument. The 
5 measurement of the electromagnetic radiation absorbing 

characteristics showed that internal coupling coefficient was 
-3 dB and mutual coupling coefficient was -4 dB at 1 GHz. 
[Example 4] 

An epoxy resin of B stage containing NBR (elastic 

10 modulus in shear of 8 * 10 6 Pa before curing and elastic 

modulus in shear of 8 * 10 8 Pa after curing) was provided as 
the binding agent on a metallic conductor formed on a 
polyimide film with wiring pitch of 0.3 mm, and thereon a 
composite layer was formed by depositing Fe-Ni-based soft 

15 magnetic metal to an equivalent thickness of 15 nm by 
physical vapor deposition of the opposing target type 
magnetron sputtering process. Sputtering was carried out by 
applying a low negative voltage so as to impart energy of 8 
eV to the vaporized particles while maintaining the substrate 

20 at the normal temperature. The sample was heated to 4 0°C for 
6 hours then 120 °C for 2 hours so as to harden the epoxy 
resin, thereby to obtain a printed wiring board having the 
electromagnetic noise suppressor provided thereon. 

The wiring board, an LCD (controller LSI is provided on 

25 glass) and a CPU of a mobile telephone were connected with 
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each other. Display of moving picture was compared with one 
that was not provided with the electromagnetic noise 
suppressor, and the Example showed a display that was not 
influenced by crosstalk without faulty signal compared to 
5 that without the electromagnetic noise suppressor. 

INDUSTRIAL APPLICABILITY 
The electromagnetic noise suppressor of the present 
invention can be used to cover electronics apparatus and 
10 electronic components, and enables the manufacture of 

electronic apparatuses and electronic components that are 
smaller and lighter in weight while achieving sufficient 
electromagnetic noise suppressing effect over entire the sub- 
microwave band . 



